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Abstract Laboratory and demonstration have long been
used to supplement lecture in chemistry education. Current
research indicates that students are better served by labo-
ratories which exercise the higher-order cognitive skills,
such as inquiry-based laboratories. However, the time and
the resources available to perform these recommended
types of laboratories are continually shrinking. Due to these
factors, a demonstration-laboratory was designed to allow
students to make observations through demonstration ra-
ther then through hands-on laboratory. For this study, the
hands-on procedures of an inquiry style laboratory were
replaced by an instructor demonstration of these same
procedures. A significant difference was found between
student conceptual understanding before and after the
experiment, indicating that students performing the labo-
ratory experiment and students viewing the demonstration-
laboratory had an increase in conceptual understanding.
However, no significant difference was found between the
conceptual understanding of the two groups after the
experiment, indicating that students learn roughly the same
from both methods and that the demonstration-laboratory
at least does no harm to the students conceptually. Long-
term effects on student understanding were not measured.
Student opinions comparing the demonstration laboratory
to a hands-on laboratory were also collected and analyzed.
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Background

Initially, the role and effect of demonstrations in both high
school and college instruction was debated (e.g., Harty and
Al-Faled 1983; Knox 1936; Eniaiyeju 1983; Cooke 1938;
Carptenter 1936; Anibel 1926). Demonstrations were
thought to be affective aids in increasing student’s con-
ceptual understanding in a summary of early opinion liter-
ature (Payne 1932). A meta-analysis of educational studies
that examined the efficacy of demonstration revealed that
demonstrations and/or laboratories are marginally more
effective than lecture alone with little to no difference be-
tween demonstrations and laboratories (Knox 1936).

The effectiveness of demonstrations was revisited in a
more recent study in the Saudi Arabian school system
(Harty and Al-Faled 1983). Two classes were used to
compare the lecture/demonstration to the lecture/laboratory
styles of instruction. An attitude survey and an achievement
test were administered before the study, immediately after
the study, and again at a later time. Throughout the duration
of the study, attitudes of both sets of students changed, but
there was no significant difference between the two classes.
However, when achievement scores were analyzed, both
classes showed an increase in conceptual understanding;
however, the lecture/laboratory group significantly outper-
formed the lecture/demonstration group. This seems to
indicate that demonstrations are no substitute for a labora-
tory experience, although, demonstrations are beneficial
when a laboratory experience is not an option, such as when
sufficient funds are not available (Knox 1936).

A novel expansion of the use of demonstrations was an
attempt to combine a demonstration with the use of an
assessment, creating what was termed a demonstration
assessment. The demonstration assessment is a two-step
process. First, a demonstration is shown to the students
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without explanations. Second, an assessment is adminis-
tered covering the demonstration, asking students to draw
conclusions and/or to propose explanations based upon
observations made during the demonstration.

The effectiveness of the demonstration assessment was
studied using two classes of freshman enrolled in a
chemistry class for engineering majors (Deese et al. 2000).
Both classes were given an end-of-course conceptual
assessment and a pre- and post-attitude survey. There was
no significant difference in attitude between the individual
pre- and post-survey for either group or when the groups
were compared. However, the treatment group did show a
significantly greater conceptual understanding at the end of
the course then did the control group. This seems to indi-
cate that the demonstration assessment can be successful at
improving student retention.

Demonstration assessments have proven very successful
in increasing student understanding and retention of
chemical principles (Bowen and Phelps 1997). Demon-
strations themselves, in some studies, caused similar in-
creases in student understanding. If this is the state of
research into the use of demonstrations, what does the re-
search have to say about the laboratory?

Domin (1999b) has identified four types of laboratory
experiences which are used, to varying degrees, in chem-
ical laboratory instruction: expository or verification, open
inquiry, guided inquiry or discovery, and problem based
instruction.

e Expository instruction is that in which students are
asked to follow a detailed procedure in the hopes of
verifying some already known fact. This is how most
traditional laboratory experiments have been written.

e In an open inquiry style experiment, students design
procedures to investigate some stated system. Through
careful observations and analysis of data collected,
students are expected to construct an understanding of
the concept at hand.

e A discovery or guided inquiry experiment is similar,
except that students are given a procedure to follow and
some idea of what data to collect, leaving them only to
analyze their data to construct the conceptual under-
standing.

e In a problem based setting, students apply chemical
knowledge to design experiments in order to solve a
posed problem. The students then carry out their
procedures, modifying them as necessary, in order to
arrive at a solution.

The last three styles of instruction require that the stu-
dents must exercise higher order cognitive skills in order to
accomplish the laboratory activity. The expository style is
often highly criticized for its failure to foster these critical
thinking skills.
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It would be expected, therefore, that laboratory manuals
would tend to focus on these latter three styles of instruc-
tion. However, if an examination is made of current labo-
ratory manuals (Domin 1999a) and current laboratory
instruction practices (Hilosky et al. 1998), what can be
concluded? By and large, the laboratory manuals compared
indicate very little requirement for higher order-thinking
skills. Often only the titles of the lab manuals include in-
quiry, but the laboratory instruction and experience does
not follow inquiry methods. It has been well established
that laboratories that are inquiry-oriented and are activities-
based can significantly increase student understanding
(Abraham et al. 1997; Shilad 1999; Staver and Small
1990). The use of inquiry style experiments has also been
shown to increase conceptual understanding for students of
all ability levels (Pavelich and Abraham 1979).

Renner and Marek (1990) compared inquiry style
instruction with traditional instruction, which they termed
IVP, or Inform-Verify-Practice, instruction. In contrast the
inquiry style, sometimes termed the learning cycle method,
consists of students exploring an unknown concept,
inventing or constructing the concept for themselves, and
then expanding on the concept (Lawson 1988; Abraham
and Renner 1986).

Due to the emphasis placed on making observations
during the course of an inquiry style experiment, an inquiry
style laboratory was chosen as the focus for this study. An
attempt was made in this study to extend the idea of a
demonstration assessment to the laboratory by replacing
student performance of an experiment with a demonstra-
tion of the same experiment by the instructor, while leaving
aspects of data collection, analysis, and laboratory report
unchanged. The research questions that guided this inves-
tigation were:

1. How does student understanding of the mole rela-
tionship of chemical reactions change after the student
experiences a laboratory experiment?

2. How does student understanding of the mole rela-
tionship of chemical reactions change after the student
views a demonstration of a laboratory experiment?

3. How are changes in understanding different between
these two approaches?

4. How are student opinions of the two approaches dif-
ferent?

Methods
Subjects

Six laboratory sections of students, who were enrolled in a
first semester general chemistry lecture course at a large
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public southwestern university, were selected to partici-
pate. Due to laboratory teaching schedules, three teaching
assistants (TA), each teaching two sections, were chosen to
participate in the study. Of the two sections for each TA,
one was randomly assigned to the control group and the
other section assigned to the experimental group in an at-
tempt to yield roughly equal numbers of students in each
group. This was also done with the hopes of accounting for
differences in TA grading styles. Students in the control
group performed the laboratory in the manner customary
for this course. Students in the experimental group ob-
served the laboratory performed as a demonstration.

Instruments

In order to assess group equivalency on logical reasoning
or formal thought, Test of Logical Thinking (TOLT) (To-
bin and Capie 1981) scores were collected for the students.
This exam has been used by researchers for this purpose
(e.g., Williamson and Rowe 2002) and linked to achieve-
ment in chemistry (Lewis and Lewis 2007). Types of logic
tested on this instrument are control of variables, propor-
tions, combinations/permutations, correlations, and proba-
bility. There are two questions of each type, for a total of
10 questions. The standard scoring system for this instru-
ment was used, producing a score in the range 0-10,
inclusive. For each question, students must get both the
answer and the reason correct to be awarded the point for
the item. The internal reliability is 0.85 for students from
grade 6 through college-level.

The “Reactions of Calcium” laboratory from the 2002
edition of “Experiences in Chemistry—I” (Peck and
Williamson 2001) was used in this investigation. The
standard report form for this laboratory, as graded by the
student’s TA, was used as a measure of student perfor-
mance explicitly on the laboratory experiment. This lab-
oratory experiment is performed each semester as a part
of the first semester chemistry course at the university.
The laboratory experiment was originally designed as a
guided inquiry. A guided inquiry enables students to
collect qualitative data, which can then be used to make a
prediction. The second part of the lab required students to

Table 1 Sample questions

gather quantitative data to support the predictions made
from the qualitative data. Thus this experiment places
emphasis on both a student’s ability to collect data and on
a student’s ability to analyze this data in order to identify
a trend in their data. The multiple page report form in-
cludes data recording, analysis questions requiring quali-
tative and quantitative inferences from the observational
data, directions to look for patterns by graphing, and
summary questions, which ask for evidence for any
conclusions. The laboratory develops the concept that
calcium and hydrochloric acid react to produce hydrogen
gas, following a balanced equation with a 1:2 molar ratio.
The laboratory further investigates the products of the
reaction between sodium hydroxide and hydrochloric
acid.

A pre- and post-test were given to the students as a
measure of increased conceptual understanding. Both the
pre- and delayed post-test contained similar questions,
which were designed to cover the content learned in the
laboratory experiment; however on the post-test, an open-
ended question was added to assess student attitudes of the
laboratory investigation. The post-test was given approxi-
mately 2 weeks after completion of the laboratory inves-
tigation. Examples of the pre- and post-test questions can
be seen in Table 1.

Data and Analysis

A breakdown of the participants by TA and group is given
in Table 2. Since each section had slightly different
enrollment, the sample was further limited by random
selection of participant counts between experimental and
control for each individual TA producing an equalized
sample. This ensures that each TA contributes equally to
both the control and experimental groups.

Of the 70 total participants in the study 42 (60.00%)
were female with the remaining 28 (40.00%) male. Most
(85.71%) were in the first year of college with over 90%
within the first 2 years in college. There were a wide
variety of majors from various colleges within the uni-
versity represented in the sample.

Sample pre-test questions

What reaction occurs when calcium metal is mixed with aqueous HBr?

Given the reaction you wrote in #1, how many mL of 0.105 M HBr is needed to react with 0.2011 g of calcium metal?

What reaction occurs when HBr is reacted with NaOH?
Sample post-test questions

What gas is produced when reacting calcium metal with HCI?

How many g of the gaseous product from #1 can be produced from 10.00 mL of 0.102 M HCI reacted with 0.2036 g calcium metal?

What is the reaction between HCI and NaOH?
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Table 2 Sample selection

Initial count Equalized sample
TA Cont Exp Cont Exp
1 13 21 13 13
2 13 12 12 12
3 10 13 10 10
Total 36 46 35 35

The average scores (standard deviation) are summarized
in Table 3 for all assessments given. No differences were
found in the assessments by demographics therefore these
will not be discussed. All instruments were graded by the
TA for the section in question except for the TOLT, which
was graded by the investigator. Pre-test and Post-test
questions were graded on a correct/incorrect basis based
upon a key provided by the investigator. The laboratory
report form was the only instrument which was subjec-
tively graded by the TAs. A statistical analysis was per-
formed upon this data to determine if any significant
differences exist. Table 3 also shows the p-value from an
ANOVA test between control and experimental groups for
each instrument without any use of any covariates.

In order to determine if the students knowledge changed
between the pre-test and post-test, a paired r-test was
conducted on the overall average for all subjects on the pre-
test and post-test. A significant difference for all subjects
was found, (p = 0.0056), indicating a significant increase
in student learning from the pre-test to the post-test. Fur-
ther differences in the pre-test and post-test were evaluated
for each treatment group. A significant difference
(p = 0.0022) was found between the pre- and post-tests of
the experimental group (56.6-70.0%), while there was no
difference for the control group (66.3—66.7%). The control
group post-test average was moderated by TAl. This
finding led to an analysis omitting TA1, which gave a
significant difference between the pre- and post-test for the
control group (p = 0.028) and the experimental group
(p = 0.0043), indicating learning occurred for both groups.

Table 3 Dataset analyzed (each group n = 35)

Before looking for differences between groups, the
individual TA scores were examined. When looking at the
pre-test scores for each TA, combining the control and
experimental group for that TA, there is a significant
difference between the three TAs (p = 0.0364). Since the
pre-test was graded objectively, this difference can be
attributed solely to differences between student groups,
and not to differences among TA grading styles. Due to
the existence of this difference, the pre-test will be used
as a covariate, unless only the change in score between
pre-test and post-test is being analyzed. A significant
difference between groups is evident on the TOLT
(p = 0.0492), so the TOLT score will also be used as a
covariate. Table 4 summarizes the findings of the scores
from the report, from the post-test and the change in
understanding from pre- to post-testing when covariates
are used. The covariates used are noted in the table. No
significant differences were found between the two groups
on the report, the post-test, or the gain in understanding
from pre- to post-test.

The student opinion questions were also examined. Of
the 70 participants analyzed, 62 answered the opinion
question. The control group was asked if they thought they
would have benefited more by observing a TA perform the
procedures of the lab. The experimental group was asked if
they thought they would have benefited more by per-
forming this lab in a hands-on fashion. The majority of
these responses, 35 of the 62, seem to indicate that the
students believed that they would learn the material better
by doing the experiment themselves (hands-on preference),
while 22 indicated that they believed that they would learn
more with demonstration. The frequency of the most
popular responses for each preference is summarized in
Table 5. Examples of student responses from the control
group are:

“We just follow the instructions & don’t really know
why we did what we did”

“I was very insecure when doing the lab”

“I learn better if I do it myself”

n TOLT (0-10) Pre-test (0-100%) Report (0-100%) Post-test (0-100%)
TA Cont Exp Cont Exp Cont Exp Cont Exp Cont Exp
1 13 13 7.8 (1.8) 7.5(1.7) 667 (30.0) 73.3(26.7) 579 20.1) 71.0(9.8) 56.6 (26.7)  80.0 (26.7)
2 12 12 83 (2.1) 7.8(22) 60.0(200) 533300 585(19.7) 66.9 (20.1) 70.0(26.7) 70.0 (20.0)
3 10 10 85(1.6) 6.3(2.1) 60.026.7) 333(6.7) 79.3(1.2) 57.5(20.0)0 73.3 (36.7) 53.3(23.3)
Total 35 35 82 (19 7220 6333000 56.6(30.0)0 652(20.1) 652(19.8) 66.7(30.0) 70.0(26.7)
Overall averages 7.7 (1.9) 60.0 (30.0) 65.2 (20.1) 66.7 (26.7)
p-value 0.0492 0.1962 0.6179 0.9368

@ Springer



J Sci Educ Technol (2007) 16:395-400 399
Table 4 ANCOVA results—with listed covariates
Report (0-100%) Post-test (0-100%) Gain-pre to post (0-100%)
Cont Exp Cont Exp Cont Exp
Average score 65.2 (20.1) 65.2 (19.8) 66.7 (30.0) 70.0 (26.7) 33.3 (26.7) 16.7 (26.7)
p-value 0.9412 0.4784 0.0510
Covariate TOLT & Pre-test TOLT & Pre-test TOLT
Table S Frequency of most popular answers for each group
Preference Answer Frequency Percentage
Hands-on I learn more from hands-on activities 25 71.43
Pay more attention when I am doing it 7 20.00
Demo Less mistakes would be made in demo 12 54.55
The procedure is new, difficult, or unclear 9 40.91
I could concentrate on the demo because I do not have to concentrate on procedure 4 18.18
The events are explained better 4 18.18
I am a visual learner 2 9.09

“I don’t think I would understand the concepts
associated with the lab as well”
“I learn more by actually doing the lab myself”

Examples of student responses from the experimental
group are:

“It took less time and was easier to understand”

“I always learn more when I do them myself”

“No mistakes were made, so the experiment
worked out nicely”

“I can learn from my mistakes therefore enabling
me to be able to conduct....future experiments”

“I remember things that I do better than what
others do for me”

Conclusions and Implications

The results seem to indicate that if students have achieved
a formal level of reasoning, significant gains in concep-
tual understanding will be seen whether a hands-on in-
quiry experiment or an inquiry demonstration is
performed. Both the hands-on and demonstration labora-
tories studied here provide the students with the same
things to observe. In the case of the demonstration, the
instructor can insure that the experiment is carried out
properly and that salient events can be emphasized. The
cognitive processes required to analyze the observational
data obtained were the same for either group. Both groups
looked for patterns from which they could make gener-

alizations from the observational data. It may be that the
power of the inquiry style laboratory is in the logic re-
quired to analyze the data. There were no significant
differences found between the groups on any measure
used in this study. It seems that it is possible to substitute
demonstrations for hands-on experimentation without
decreasing student learning, if the demonstrations are
carried out in an inquiry fashion. However, with the
demonstration, students do not have the chance to learn
the laboratory techniques, which they would learn in the
normal inquiry experiment. Inquiry demonstrations might
be most beneficial in courses, which are pressed for the
time and funds, required by laboratory experiments.
However, it is important to keep in mind the limitations
of this study. The demonstration was limited to a single
experiment, which was performed using a guided inquiry
format. It is not clear if these results can be generalized to
other inquiry laboratory experiments covering different
content. No effort was made to determine if the observed
effects are applicable to traditional or other styles of lab-
oratories or if the same effects would be found using show-
and-tell demonstrations in the place of inquiry demon-
strations. Furthermore, whether this style of instruction is
equally beneficial to various reasoning ability levels was
not measured. The groups used here had fairly high TOLT
scores. Also, only one open-ended opinion question was
asked on the post-test to gage the effect this style of
instruction had on students’ attitudes. A relatively small
number of pre- and post-test questions were used to
determine changes in student learning. Finally, no attempt
was made to decompose gains in student learning into that,
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which was engendered by the laboratory and that which
arose from the lecture portion of the course. All these
factors need further study in order to be fully addressed.
This study does show that inquiry demonstration is a viable
option with the population, content, and circumstances
described; however, before the use of inquiry demonstra-
tions can be used routinely as an alternative means of
instruction to hands-on, inquiry-based laboratories with the
general population, more research must be done.
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